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The authors assessed the relation between infant weight velocity and adult insulin resistance, specifically
evaluating whether adult size and body fat distribution mediated the association. Data were from the Cebu Lon-
gitudinal Health and Nutrition Survey (Cebu, the Philippines), in which a birth cohort was followed to age 22 years
(n ¼ 1,409; 1983–2005). Insulin resistance was measured using homeostasis model assessment of insulin re-
sistance (HOMA-IR). Weight velocity (g/month) from 0 to 4 months and from 0 to 24 months was assessed. The
authors examined direct and total associations between early growth and adult HOMA-IR in linear regression
models and used a nonparametric bootstrapping procedure to test indirect effects through adult body mass index
(BMI; weight (kg)/height (m)2) and waist circumference. Infant weight velocity was positively associated with adult
BMI and waist circumference, which positively predicted HOMA-IR. There were no total or direct effects of imme-
diate postnatal weight velocity (0–4 months) on adult HOMA-IR, although indirect effects through BMI and waist
circumference were significant. Weight velocity from 0 to 24 months positively predicted HOMA-IR among males
only, while indirect effects were significant in both sexes. In a relatively lean sample of young adults from a pop-
ulation with rising rates of diabetes and cardiovascular disease, the authors found evidence for small indirect
effects of infant weight velocity on adult insulin resistance mediated through adult BMI and waist circumference.
body mass index; growth; insulin resistance; waist circumference
Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; SGA, small-for-
gestational-age.
Longitudinal studies show that insulin resistance is
strongly predictive of the development of type 2 diabetes
(1). Small birth size and faster growth in infancy and child-
hood are associated with insulin resistance and type 2 di-
abetes (2–9). These findings have been interpreted as
support for the ‘‘thrifty phenotype’’ hypothesis, which sug-
gests that poor nutrition in early life produces physiologic
and metabolic adaptations to ensure an adequate supply of
nutrients to essential organs such as the brain at the expense
of peripheral organs like the pancreas (10). Such changes
during critical developmental periods are proposed to have
permanent effects on insulin-glucose metabolism.
Although epidemiologic data support a relation between
faster early growth and later insulin resistance, the underly-
ing biologic mechanisms are still poorly understood. While
early growth may have irreversible effects on insulin-
glucose metabolism, it is also known to influence the de-
velopment of obesity (11), which itself is associated with
insulin resistance (12, 13). As such, it is difficult to deter-
mine whether early growth affects later insulin resistance
directly as a result of ‘‘programming’’ of insulin-glucose
metabolism and/or affects it indirectly through its influence
on adult body composition. It has been suggested that
through mediation analysis, which allows partitioning of
relations into direct and indirect pathways, epidemiologists
may better describe the underlying mechanisms of observed
associations (14).
Our objective in the current study was to use a mediation
approach to assess the relation between infant weight velocity
and adult insulin resistance, specifically evaluating whether
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adult body mass index (BMI) and waist circumference
mediate the association. Data were obtained from a large
birth cohort of Filipinos who have been followed into young
adulthood. Prior research in this sample has documented as-
sociations between birth size and blood pressure, lipid pro-
files, and inflammatory status, establishing a likely link
between early nutrition or growth and adult cardiovascular
disease risk (15–17). Here we extend these analyses by ex-
amining the association between early weight velocity and
adult insulin resistance using methods capable of distinguish-
ing the role of body composition and fat patterning as possi-
ble mediating influences. To clarify the importance of weight
velocity at different ages, we examined the immediate post-
natal period (0–4 months) as well as the infancy and early
childhood periods combined (0–2 years).
MATERIALS AND METHODS
Study population
Data were from the Cebu Longitudinal Health and Nutri-
tion Survey, a community-based cohort study of infants born
in 1983–1984 in Metro Cebu, the second-largest metropolitan
area in the Philippines (18). In 1983–1984, the Metro Cebu
area was comprised of 243 administrative units; 33 (17 rural
and 16 urban) were randomly selected. All pregnant women
residing in these communities who gave birth during a 1-year
period from 1983 to 1984 were invited to participate (n ¼
3,327). The resulting child sample (n ¼ 3,080) was represen-
tative of singleton births in Metro Cebu. Data were collected
during the last trimester of pregnancy, immediately following
birth, and then bimonthly for 2 years. Seven follow-up surveys
were conducted in 1991–1992, 1994, 1998, 2002, 2005, 2007,
and 2009. In 2005, biomarker data were collected in the full
sample. In the present analysis, we used data from the longi-
tudinal survey (0–2 years) and the 2005 follow-up survey.
Of the 616 participants lost to follow-up from 0 to to 24
months, 155 died (25%), while the remainder were not found
or were no longer living in the study area. Of the 552 partic-
ipants lost to follow-up between 24 months of age and the
2005 follow-up, 55 died (10%). The remaining losses were
predominantly due to migration outside of the study area.
Because prematurity may influence insulin sensitivity, we
excluded preterm births (<37 weeks’ gestation; n ¼ 119)
from the analytic sample. We also excluded women who
reported being pregnant at the time of the 2005 survey
(n ¼ 81). We compared baseline characteristics of the ana-
lytic sample with subjects who were in the sample at base-
line. Birth weight and length did not differ between the 2
groups. Persons lost to follow-up were more likely to be
urban residents and to have more highly educated mothers,
but there were no significant differences in household assets,
maternal height, maternal age, or maternal parity. Weight
velocity from 0 to to 4 months was greater among persons
retained in the sample, which may have reflected slower
growth among those who subsequently died during infancy.
Infant anthropometric measures
Infant weight was measured using hanging scales (CMS
Weighing Equipment Ltd., London, United Kingdom) to the
nearest 10 g (model HIW10; 10-kg capacity), progressing to
the nearest 100 g (model HIW25; 25-kg capacity) as infants
aged. Infants were weighed with minimal clothing and with-
out diapers, shoes, or blankets. Weight velocity (kg/month)
from 0 to 4 months and from 0 to 24 months was calculated
as the change in weight (kg) between 2 measurements
divided by the time interval (months) between those mea-
surements. We chose the 0- to 4-month interval in an effort
to capture the first months of life, a period hypothesized to
be critical for the development of obesity (19). We chose the
0- to 2-year interval for comparability with other studies.
Adult anthropometric measures
BMI was calculated (weight (kg)/height (m)2) from mea-
sured weight and height in 2005. Adults were weighed in
light clothing using portable spring balance scales. Heights
were measured without shoes using portable stadiometers.
Waist circumference was measured at the midpoint between
the bottom of the ribs and the top of the iliac crest. Data on
BMI and waist circumference were log-transformed; there-
fore, geometric mean values and standard deviations are
presented for these variables.
Laboratory analyses
Participants were asked to fast overnight, and blood sam-
ples were collected by venipuncture the following morning
using ethylenediaminetetraacetic acid-coated tubes. After
mixing to inhibit clotting, a sterile disposable pipette was
used to remove several drops of blood for immediate pho-
tometric measurement of glucose based on a glucose dehy-
drogenase method, using the OneTouch Ultra Blood
Glucose Monitoring System (Lifescan; Johnson and John-
son, Milpitas, California). After separation, plasma samples
were frozen and shipped on dry ice to the clinical laboratory
facility at Northwestern University Hospital (Evanston, Il-
linois) for analysis of insulin levels using a commercially
available enzyme immunoassay protocol (DY1065; R&D
Systems, Minneapolis, Minnesota). Homeostasis model as-
sessment of insulin resistance (HOMA-IR) was calculated
as 22.5/(insulin 3 glucose) (20). The distributions of fasting
insulin and HOMA-IR were skewed, so the values were log-
transformed; geometric means and standard deviations are
presented for these variables. Insulin resistance was defined
as HOMA-IR > 4.65 (21).
Covariates
Gestational age was estimated from the mother’s report of
the date of her last menstrual period. In cases where this date
was unknown, where pregnancy complications occurred, or
where the infant weighed less than 2.5 kg at birth, gesta-
tional age was determined by nurses using the method of
Ballard et al. (22). Small-for-gestational age (SGA) birth
was defined as birth weight below the 10th percentile of
individually customized birth weight percentiles, calculated
according to the method described by Gardosi (23). In brief,
this approach calculates an individually customized gesta-
tion-specific optimal birth weight by adjusting for physio-
logic variables such as maternal size, parity, and ethnicity
Infant Weight Velocity and Adult Insulin Resistance 641
Am J Epidemiol 2011;173:640–648
while not adjusting for pathologic variables known to affect
growth and birth weight.
Low birth weight was defined as a birth weight less than
2.5 kg. Maternal height (cm) was selected to represent the
child’s genetic size potential. Parity was reported by
mothers at baseline. A multicomponent urbanicity scale
(24) was chosen as an indicator of the community environ-
ment in which the child was raised. Socioeconomic status
was represented by a summary assets score including 10 key
household assets (home ownership, air conditioner, quality
of home construction materials, television, tape recorder,
refrigerator, electric fan, jepny (minivan-type vehicle), au-
tomobile, and electricity).
All data were collected by project staff during in-home
interviews. Quality control measures included extensive train-
ing and periodic interobserver reliability assessments. All pro-
cedures were reviewed and approved by the institutional
review board of the University of North Carolina at Chapel
Hill.
Statistical analysis
Statistical analyses were performed using Stata, version
11.0 (StataCorp LP, College Station, Texas) and SPSS 17.0
for Windows (SPPS, Inc., Chicago, Illinois). Statistical sig-
nificance was set at P < 0.05. Given the known sex differ-
ences in early growth and in the development of insulin
resistance, all models were sex-stratified (25). While the
focus was on weight velocity in the first months of life
(0–4 months), weight velocity from 0 to to 2 years was also
examined for comparability with other studies that exam-
ined longer intervals.
The INDIRECT macro in SPSS (26) was used to test the
mediation hypotheses. The macro combines linear regres-
sion models with a bootstrapping method (26) to calculate
indirect effects. Weight velocity, HOMA-IR, BMI, and
waist circumference were modeled as continuous variables.
Potential mediators were examined in separate models.
The conceptual model for the mediation analysis is illus-
trated in Figure 1. The INDIRECT macro incorporates sev-
eral regression equations to obtain path coefficients for each
relation. Linear regression was used to examine the relations
between infant weight velocity and adult BMI and waist
circumference (path a), between adult BMI and waist cir-
cumference and adult HOMA-IR (path b), and between in-
fant weight velocity and adult HOMA-IR (the direct effect;
path c#). The total effect (path c) is the association of infant
weight velocity with adult HOMA-IR without the inclusion
of mediators in the model.
The indirect effect was quantified using a bootstrapping
method (with n¼ 5,000 bootstrap resamples) recommended
by MacKinnon (27) and further elaborated by Preacher and
Hayes (26). Theirs is a nonparametric approach to effect-
size estimation and hypothesis-testing that makes no as-
sumptions about the shape of the distributions of the
variables or the sampling distribution of the statistic. Bias-











Figure 1. Conceptual model for a mediation analysis of the relation between infant weight velocity and adult insulin resistance. Using data from
Cebu, the Philippines (1983–2005), the authors used linear regression analysis to examine the relations between infant weight velocity and adult
body mass index and waist circumference (path a), the relations between body mass index and waist circumference and homeostasis model
assessment of insulin resistance (HOMA-IR) (path b), and the relation between infant weight velocity and adult HOMA-IR (the direct effect; path c#).
Path c (the total effect) is the path from infant weight velocity to adult HOMA-IR in a model with no mediator. Covariates on the left include
participant’s adult age, small-for-gestational-age status, mother’s height, parity, urbanicity, and socioeconomic status.
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corrected and accelerated 95% confidence intervals were
calculated (28), and point estimates of indirect effects were
considered significant if zero was not contained in the con-
fidence intervals.
For all models, separate interactions between infant weight
velocity and SGA birth and low birth weight were tested.
Since no interactions were found, these interaction terms
were not included in the final models. Covariates hypothe-
sized to be confounders of the relation between infant weight
velocity and adult insulin resistance and the relations between
adult BMI and waist circumference and adult insulin resis-
tance included participant’s adult age, mother’s height, parity,
urbanicity, and socioeconomic status (Figure 1). These same
factors, along with SGA status, were considered as con-
founders of the relation between infant weight velocity and
adult BMI and waist circumference.
RESULTS
In infancy, the sample was generally undernourished. The
prevalence of underweight (weight-for-age z score < 2) at
birth was 10% for males and 6% for females and substan-
tially increased with age, such that by 2 years of age, 35% of
sample infants were underweight (Table 1). The prevalence
of stunting (length-for-age z score <2) at birth was 6% for
males and 8% for females and substantially increased with
age, such that by 2 years of age, 59% of sample infants were
stunted (Table 1). The sample was relatively young and lean
in adulthood (Table 1).
Table 2 presents results from regression models of the
effect of infant weight velocity (0–4 months and 0–24
months) on adult BMI and waist circumference (Figure 1,
path a). Weight velocity was positively associated with adult
BMI and waist circumference. Adult BMI and waist circum-
ference were positively associated with adult HOMA-IR
(Figure 1, path b) (Table 3). Total and direct effects of infant
weight velocity on adult HOMA-IR (Figure 1, paths c and
c#) are shown in Table 4. In the models without mediators
(total effect; Figure 1, path c), weight velocity from 0 to 4
months was not associated with adult HOMA-IR, while
weight velocity from 0 to 24 months was positively associ-
ated with HOMA-IR among males only. In the models with
mediators (direct effects; Figure 1, path c#), weight velocity
was not associated with HOMA-IR.
Table 5 shows the indirect effects of infant weight veloc-
ity on HOMA-IR as mediated through adult BMI and waist
circumference. The point estimates represent the product of
coefficients (Figure 1, paths a 3 b), which is the amount
HOMA-IR is expected to change for a 1-kg/month increase
in weight velocity, indirectly through BMI or waist circum-
ference. All models revealed significant, positive indirect
effects of infant weight velocity on HOMA-IR through adult
BMI and waist circumference. Indirect effects were slightly
stronger via waist circumference than via BMI and among
males as compared with females.
DISCUSSION
To our knowledge, this is the first study to explicitly
examine adult BMI and waist circumference as potential
mediators of the relation between infant weight gain and
adult HOMA-IR in a young adult population with a low
prevalence of overweight and obesity. Weight velocity both
in the immediate postnatal period (0–4 months) and through
early childhood (0–24 months) was positively associated
with adult BMI and waist circumference, which were both
positively associated with HOMA-IR. There were no total or
direct effects of immediate postnatal weight velocity on
young adult HOMA-IR, although small indirect effects me-
diated through adult BMI and waist circumference were
observed. Weight velocity over a longer interval (0–24
months) was positively associated with HOMA-IR among
males only (total effects; Figure 1, path c#), and indirect
effects mediated through adult BMI and waist circumfer-
ence were significant in both sexes.
Consistent with previous studies, infant weight gain was
positively associated with adult BMI (29, 30) and waist
circumference (9, 31–33). Understanding the relation be-
tween postnatal weight gain and adult BMI and waist cir-
cumference is important given the well-recognized relations
between central obesity and insulin resistance (12, 13). As
expected, adult BMI and waist circumference were both
positively associated with adult HOMA-IR.
Although immediate postnatal weight velocity (0–4
months) was positively associated with adult BMI and waist
circumference, there were no total effects on adult HOMA-
IR (Figure 1, c paths). In the literature on developmental
origins of health and disease, a number of investigators have
reported that they found significant associations between
early-life size and adult outcomes only after adjusting for
current body size (34). Because we hypothesized that adult
size lay in the causal pathway from infant weight velocity to
adult HOMA-IR, we examined the indirect effects of weight
velocity (0–4 months) on adult HOMA-IR as mediated
through adult BMI and waist circumference. Significant,
though small, positive indirect effects of immediate
postnatal weight velocity on HOMA-IR through adult
BMI and waist circumference were established. For exam-
ple, for a 1-standard-deviation increase in weight velocity
from 0 to 4 months (0.170 kg/month for males and 0.160 kg/
month for females), HOMA-IR was expected to increase
3.4% and 3.2% among males and females, respectively,
indirectly through waist circumference. Increases in
HOMA-IR of this magnitude would only increase the per-
centage of insulin-resistant (HOMA-IR > 4.65) adult males
and females in the sample from 5.15% to 5.89% (0.74 per-
centage points) and from 7.75% to 7.81% (0.06 percentage
points), respectively.
Overweight and insulin resistance were still relatively
rare in the young adult sample. It is possible that the long-
term effects of infant weight velocity on insulin-glucose
metabolism are not yet evident. Future research conducted
as the population ages may reveal a strengthening of the
effects documented here, or perhaps long-term effects not
yet apparent.
Notably, while not statistically significant, direct effects
(Figure 1, c# paths) were all negative. Negative direct effects
may explain our findings of significant indirect effects in the
absence of total effects, suggesting masking of the total
effect estimate by opposing direct and indirect effects of
Infant Weight Velocity and Adult Insulin Resistance 643
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0 months 0 3.04 (0.41) 2.97 (0.40) <0.01
4 months 0 6.39 (0.76) 5.91 (0.69) <0.001
2 years 54 10.09 (1.11) 9.47 (1.09) <0.001
WAZc
0 months 0 0.82 (0.88) 0.68 (0.85) <0.01
4 months 0 0.88 (1.04) 0.77 (0.97) 0.03
2 years 54 1.69 (0.97) 1.67 (0.99) 0.73
Weight velocity, kg/month
0–4 months 0 0.86 (0.17) 0.75 (0.16) <0.001
0–24 months 54 0.29 (0.01) 0.27 (0.01) <0.001
% underweight (WAZ < 2)
0 months 0 9.91 6.33 0.02
4 months 0 13.51 8.86 <0.01
2 years 54 35.33 34.71 0.81
LAZc
0 months 0 0.44 (1.02) 0.59 (1.02) <0.01
4 months 0 0.84 (1.02) 1.06 (1.08) <0.01
2 years 58 2.32 (1.06) 2.41 (1.10) 0.12
% stunted (LAZ < 2)
0 months 0 6.01 8.38 0.09
4 months 0 11.23 18.58 <0.01
2 years 58 57.75 60.80 0.25
Gestational age, weeks 0 39.12 (1.61) 39.32 (1.69) 0.02
Household assetsd 0 5.21 (2.05) 5.33 (1.92) 0.25
Household urbanicitye 0 40.90 (13.62) 41.10 (13.03) 0.79
Mother’s education, years 0 7.47 (3.67) 7.38 (3.64) 0.67
Mother’s age at child’s birth, years 0 26.50 (5.94) 26.68 (5.88) 0.55
Mother’s height, cm 0 150.61 (4.94) 150.51 (5.01) 0.72
Parity 0 2.25 (2.22) 2.25 (2.16) 0.99
Adulthood
Age, years 0 21.47 (0.30) 21.46 (0.31) 0.61
Height, cm 0 163.00 (5.70) 151.15 (5.32) <0.001
Weight, kg 0 55.79 (8.89) 46.46 (8.13) <0.001
Body mass indexf,g 0 20.78 (0.10) 20.09 (0.12) <0.001
% overweighth 0 18.79 15.66 0.12
Waist circumference, cmg 0 71.70 (0.25) 67.65 (0.28) <0.001
Fasting insulin level, lg/mLg 0 6.47 (0.13) 8.21 (0.19) <0.001
HOMA-IRg,i 0 1.62 (0.03) 2.01 (0.05) <0.001
% insulin-resistantj 0 5.15 7.75 <0.05
Abbreviations: HOMA-IR, homeostasis model assessment of insulin resistance; LAZ, length-for-age z score; WAZ,
weight-for-age z score; WHO, World Health Organization.
a Values are means and standard deviations unless otherwise indicated.
b P value for comparison between the sexes.
c Calculated from the 2006 WHO growth standards (49).
d Socioeconomic status was represented by a summary assets score including 10 key household assets (home
ownership, air conditioner, quality of home construction materials, television, tape recorder, refrigerator, electric fan,
jepny (minivan-type vehicle), automobile, and electricity). The total score could range from 1 to 11, as the score for
household construction materials ranged from 0 to 2 (light, strong, or heavy).
e A multicomponent urbanicity scale (24) was chosen as an indicator of the child’s community environment. The
scale ranged from 0 to 70.
f Weight (kg)/height (m)2.
g Geometric mean and standard deviation.
h Body mass index > 23 (WHO-recommended cutpoint for Asian populations (50)).
i HOMA-IR was calculated as 22.5/(insulin 3 glucose) (20).
j Insulin resistance was defined as HOMA-IR > 4.65 (21).
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early growth. Negative direct effects are biologically plau-
sible. Immediate postnatal weight gain may have greater
effects on lean mass as compared with fat mass (35), which
would be expected to improve insulin sensitivity. Significant
total effects of weight velocity over a longer period (0–24
months) on adult HOMA-IR in males are consistent with
previous studies demonstrating a positive relation between
infant and early childhood growth and insulin resistance in
childhood (36, 37) and adulthood (9). Among sample males,
for a 1-standard-deviation increase in weight velocity from
0 to 24 months (42.77 g/month), HOMA-IR was expected to
increase 6% (total effect, without potential mediators). Con-
sidering the indirect effects mediated through waist circum-
ference, for the same 1-standard-deviation increase in weight
velocity, HOMA-IR was expected to increase 7.3%. In-
creases of this magnitude would only increase the percentage
of insulin-resistant (HOMA-IR > 4.65) adult males in the
sample from 5.15% to 6.67% (1.52 percentage points). Many
previous investigators pooled male and female data. An im-
portant addition to the literature is the finding that among
females, weight velocity in the first 2 years was not directly
associated with HOMA-IR.
Associations were larger in males than in females. The
sex differences are not surprising, since sex hormones may
have important influences on early-life growth and the
development of body composition (38), as well as the risk
of type 2 diabetes (39). Additionally, prior work in this
sample has found that birth weight is inversely related to
blood pressure and adverse lipid profiles measured in ado-
lescence, with effects being stronger in males or, in some
instances, being present only in males (15, 17). The present
findings extend evidence for sex differences in long-term
health effects in the Cebu Longitudinal Health and Nutrition
Survey sample to the outcome of insulin resistance in early
adulthood.
A focus of the critiques of mediation analysis by epide-
miologists is the potential for biased estimates of the direct
and indirect effects if confounding of the mediator-disease
relation is not adjusted for (40, 41). The Cebu Longitudinal
Health and Nutrition Survey includes a breadth of measure-
ments that allow for inclusion of covariates known to be
confounders of the mediator-disease relation, representing
a major strength of the study. However, while we included
many known confounders of the relation between adult size
and HOMA-IR, the possibility of residual confounding or
other unmeasured confounders which might create ‘‘collider
bias’’ and inflate our estimates of the indirect effects (42)
cannot be ruled out.
This analysis adds to the ongoing debate in the literature
on developmental origins of health and disease regarding
Table 2. Regression Coefficients From Separate Regression Models of the Effect of Infant













Adult BMId 777 0.15* 0.09, 0.20 632 0.10* 0.02, 0.17
Adult WC, cm 777 0.11* 0.07, 0.15 632 0.07* 0.02, 0.12
0–24 months
Adult BMI 750 1.01* 0.79, 1.23 605 0.64* 0.33, 0.94
Adult WC, cm 750 0.71* 0.55, 0.87 605 0.45* 0.24, 0.67
Abbreviations: BMI, body mass index; CI, confidence interval; WC, waist circumference.
* P < 0.05.
a Data were log-transformed.
b Because adult BMI and WC were log-transformed variables, the b coefficients are interpreted
as the percent change in BMI or WC expected with a 1-kg/month increase in weight velocity.
c Adjusted for participant’s adult age, small-for-gestational-age status, parity, mother’s height,
urbanicity, and socioeconomic status.
d Weight (kg)/height (m)2.
Table 3. Regression Coefficients From Separate Regression
Models of the Effect of Infant Weight Velocity on Adult Body Mass
Index and Waist Circumference, Using HOMA-IR as the Dependent
Variable and Body Mass Index and Waist Circumference as
Independent Variables, Cebu, the Philippines, 1983–2005a
Males (n 5 777) Females (n 5 632)
bb,c 95% CI bb,c 95% CI
Adult body
mass indexd
1.50* 1.20, 2.51 1.63* 1.34, 2.77
Adult waist
circumference, cm
2.28* 1.87, 3.87 2.49* 2.08, 4.29
Abbreviations: CI, confidence interval; HOMA-IR, homeostasis
model of insulin resistance.
* P < 0.05.
a Data on all variables were log-transformed.
b Because data on both the independent variables and the depen-
dent variable were log-transformed, the b coefficients are interpreted
as the percent change in HOMA-IR expected with a 1% change in
adult body mass index or waist circumference.
c Adjusted for participant’s adult age, parity, mother’s height, ur-
banicity, and socioeconomic status.
d Weight (kg)/height (m)2.
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how best to account for current size when modeling the
relation between early growth and adult outcomes. While
in most studies researchers have simply adjusted for adult
size, others have questioned this approach, suggesting that it
results in the statistical paradoxes known as ‘‘Simpson’s
paradox,’’ ‘‘Lord’s paradox,’’ and ‘‘suppression,’’ whereby
the association between 2 variables can be reversed, dimin-
ished, or enhanced when another variable is statistically
controlled for (43). The analytic approach used in this study
accounts for current size by explicitly modeling the






No. of Subjects bd,e 95% CI No. of Subjects bd,e 95% CI
0–4 months
Total effect 777 0.12 0.13, 0.37 632 0.002 0.30, 0.30
Direct effect
(including BMIf)
777 0.11 0.35, 0.13 632 0.17 0.44, 0.10
Direct effect
(including WC, cm)
777 0.12 0.36, 0.11 632 0.16 0.43, 0.12
0–24 months
Total effect 750 1.41* 0.38, 2.45 605 0.76 0.47, 1.99
Direct effect
(including BMI)
750 0.05 1.09, 0.99 605 0.38 1.50, 0.74
Direct effect
(including WC, cm)
750 0.18 1.20, 0.83 605 0.30 1.44, 0.83
Abbreviations: BMI, body mass index; CI, confidence interval; HOMA-IR, homeostasis model of insulin resistance;
WC, waist circumference.
* P < 0.05.
a The total effect (Figure 1, path c) is the association of infant weight velocity with adult HOMA-IR with no mediators
in the model.
b The direct effect (Figure 1, path c#) is the association of infant weight velocity with adult HOMA-IR with mediators
in the model.
c Data on HOMA-IR were log-transformed.
d Because adult HOMA-IR was a log-transformed variable, the b coefficients are interpreted as the percent change
in HOMA-IR expected with a 1-kg/month increase in weight velocity.
e Adjusted for participant’s adult age, small-for-gestational-age status, parity, mother’s height, urbanicity, and
socioeconomic status.
f Weight (kg)/height (m)2.
Table 5. Indirect Effects of Infant Weight Velocity on Adult HOMA-IR as Mediated Through



















BMId 777 0.23 0.14, 0.35 632 0.16 0.04, 0.29
WC, cm 777 0.24 0.14, 0.37 632 0.17 0.05, 0.31
0–24 months
BMI 750 1.46 1.03, 2.10 605 1.06 0.57, 1.67
WC, cm 750 1.60 1.13, 2.28 605 1.15 0.63, 1.75
Abbreviations: BCA, bias-corrected and accelerated; BMI, body mass index; CI, confidence
interval; HOMA-IR, homeostasis model of insulin resistance; WC, waist circumference.
a In all models, results were controlled for participant’s adult age, small-for-gestational-age
status, parity, mother’s height, urbanicity, and socioeconomic status.
b Point estimates represent the amount HOMA-IR is expected to change for a 1-kg increase in
infant weight velocity, indirectly through BMI or WC.
c Confidence intervals include corrections for both median bias and skewness (28). Confidence
intervals containing zero are interpreted as not significant.
d Weight (kg)/height (m)2.
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hypothesized pathways linking early growth with insulin
resistance through adult size rather than adjusting for adult
size.
No total or direct effects of faster immediate postnatal
weight velocity on adult HOMA-IR were detected; only
small indirect effects were observed. Notably, there was no
interaction between infant weight velocity and SGA status,
indicating that in the study sample, faster postnatal growth
had similar effects in participants born SGA and those who
were not. These results suggest that in lower-income con-
texts where undernutrition and small birth size are common,
the promotion of compensatory growth will not have sub-
stantial long-term negative consequences for insulin resis-
tance if excess development of body fat and central obesity
can be prevented. Faster weight gain in later childhood and
adolescence has been more clearly associated with increased
adult adiposity and central adiposity, as well as increased
risk of impaired glucose tolerance and type 2 diabetes (35,
44). In making recommendations about early growth, it is
important to consider both the short- and long-term conse-
quences. We emphasize that in infancy the sample was gen-
erally undernourished, and the prevalence of underweight
increased with the introduction of complementary foods
when exposure to pathogens and diarrheal illness was
more common (45). Past work in this sample suggests that
improving infant nutrition would probably reduce short-term
morbidity and increase infant survival (46, 47) while having
positive effects on adult achievement and productivity (48).
The present finding of minimal associations between imme-
diate postnatal weight velocity and adult insulin resistance
suggests that any deleterious long-term consequences of im-
proved early-life nutrition on adult diabetes risk might be
comparatively small.
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